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XII. The State of the Tides in Orkney ; by 
Mr. Murdoch Mackenzie. 

*"'Maya$.^Jo Accounts of the Flux and Reflux 
I 749- jr^j f t h e s ca were fatisfaflory, till 

Sir Ifdac Newton s penetrating Genius deduced 
their true Caufe from the Laws of Gravitation. 
His Principles carried fuch Convi&ion along with 
them, and gave fuch an eafy Solution of fome of the 
moft remarkable ^Phanomena, that Mankind ieemed 
to imagine a thorough Knowledge of the Tides might 
be obtained from an attentive Consideration of the 
Principles he had eftablifted, without the Trouble 
of further Obfervations 5 but, as he, and all Philo- 
fophers fince his Time, have confider'd only, or prin- 
cipally, the Influence of the Moon in elevating or 
dcprefling the Tides; their feveral Dire&ions, Velo- 
cities, and other AfFe&ions, refulting from the In- 
fluence of Land, Shoals, and Winds, remain ftill as 
inexplicable, and as little known as ever. 

As a diftind Knowledge of thefe Things is not only 
conducive to the Advancement of Science, but would 
greatly contribute to a convenient and fafe Naviga* 
gation, it may not be unacceptable to communicate 
fuch Remarks on the Tides about the Orkney Iflands, 
as came under my Obfervation, while I was em- 
ployed in furveying and navigating that and other ad- 
jacent Places; hoping it may incite others to explore 
the various Motions of that Element, on which fuch 
a confiderable Part of the World are daily employed, 
in a more extenlive and accurate manner than has 
yet been done. 

From 
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From feme Obfervations on the Tides in Orkney, 
I incline to think the Water begins to rife and fall 
iboncr nea* the Shore than at a Diftance from it. 

When Spring-Tide is at its greateft: Altitude, or 
Deprcffion, the Water continues in a quieicent Sure 
near half an Hour : Neap-Tides continue (o about an 
Hour and a half. 

The Motion of the Water, both in Afcent, De« 
feent, and Prog»effion, is accelerated from the . firft 
to the four h Hour, commonly $ from the fourth to 
the laft Hour its Velocity diminifhes. This, however, 
admits of fome Variation from the Influence of 
Winds. 

The greateft Spring-Tides, and leaft Neap-Tides, 
are commonly on the third or fourth Day, arrcr tftc 
Syzygicsand Quadratures s but in this alfothc Wmds 
have a confiderable Influence $ Weft and South weft 
Winds making the greafrft Floods, and leaft £bbs j 
North and North eaft Winds, on the contrary, making 
the greateft Ebbs and leaft Floods in Orkney, and on 
the North Coaft of Scotland. When Flood Tide is 
raifed higher than ordinary by Wind*, the fubllqucnt 
Ebb is not £0 low as it would have otherwiie been. 
When a Ivgh Flood is raifed by the Moon, the luo 
ceding Ebb is proportionally low. 

Ordinary Spring Tides riie 8 Feet perpendicular, 
ordinary Neap Tides 3 1- 5 extraordinary high Spring- 
Tides rife 14 Feet 5 extraordinary low,oniy 5; extra- 
ordinary high Neap T des life above 6 Feci ; extra- 
ordinary fmall Neap I ides not above 2. Low-water 
Neap Tide, at a mean, I judge is about 3 Feet above 
Low water Spring-Tide, and High-water Spring Tide 
about 3 Feet above High water Neap-Tide: Yet the 
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Rife and Fall vary fo much, that it would rcquir 
longer Courfe of Obfervations than I have had Op- 
portunity of making, to determine what is mod fre- 
quent in this Cafe. 

When a Stream of Tide is interrupted by Land, 
or Rocks, or is confined, within a Chanel, or long 
Arm of the Sea growing uniformly narrower, the 
Water will rife higher there than in neighbouring 
Places, where it is not fo affected. If the Chanel, 
or Arm of the Sea, has feveral Windings, or Reaches, 
as they are called in the Thames y the fuperior Ele- 
vation will not be fo confidcrable. 

The following Obfervations of the Rifinsj and 
Falling of the Water, were made in the Day-time, 
in the Bay of Kirkwall, anno 1748. 

Auguft 8. Wind W. a Breeze. 
Lad Quarter 4th Day. 
Moon's Apogee diftant 24 . 
Moon's Declination 27 N. 
Moon bearing at firft W. by N. 



The Water rofe \ 
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Augujl t f, Wind ENE. fmall Breeze. 

New Moon 3d Day. 

Moon's apparent Diftance 6f°. 

Moons Declination 7 S. 

Moon bearing SSE. 



The Water fell 
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Au*uft *$> Wind W. almoft calm. 
Firft Quarter, 3d Day. 
Moon's Perigee diftant 13 . 
Moon's Declination 25 S. 
Moon bearing E by N. 



The Water rofe 
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yf#£. ip ? Wind S b W. Breeze at firft, afterwards 

calm. 
Full Moon 3d Doy. 



Moon's Perigee Dift. 68°. 
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Moon's Declination 6° N. 
Moon bearing NNW. 



The Water fell 
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Aug. 27, Wind WSW. a (mail Breeze, the Day 
of Full Moon, Moon's Perigee Diftance $6°> Decl. 
4 Q S. bearing NNW. the Water fell in ail 8 Feet 

4 Inches perpendicular. 

Aug. 30, calm, 4th Day after Full Moon, Perigee 
Diftance 8o°, Dec). 13 N. Moon bearing N^W. 
the Water rofe 8 Feet 3 Inches. 

Sept. 3, Wind S W. a fma.l Breeze, firft Day of 
the laft Quarter, Apogee Dift. fo°. Decl. 27* N, 
Moon bearing W. the Water rofe 6 Feet 1 Inch* 

Sept. 6 } Wind E. a fmall Breeze, 4th Day of the 
laft Quarter, Apogee Dift. if Decl. 21° N. Moon 
bearing W. the Water rofe 3 Feet 9 Inches. 

Sept. if, Wind S, a moderate Breeze, yth Day 
after New Moon, Perigee Difr. 8o°. Decl. 24 S, 
Moon bearing S by!L. the Water fell f Feet 9 Inches, 

To afcertain all the Varieties in the rifing and fall- 
ins? of the Water, the Obfervations ought to have 
been continued much longer, the Night-Tides as 
well as Day-Tides obferved ; alio the exact Times of 
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the Beginning and Ending of each, the Strength of 
the Wind and Weight of the Atmofphere by a Ba- 
romerer* 

The foregoing Articles relate to the Rifmg and Fal- 
ling of the Water ; the following to the various Mo- 
tions of the Stream, and their Confequences. 

On the Coaft of Orkney, and Fair Ifle of Shetland) 
the Body of the Flood comes from the North- weft* 
on the Eaft and Weft Coafts of Lewis, one of 
the Weftern Ifles of Scotland, it comes from the 
South. 

A League or twooffthe Coafr, the Strength of the 
Stream is fcarce fenftble, except when it is confined 
by Land, or near Rocks or Shoals* 

When the Tide begins to rife or fall on the Shore, 
about that fame time the Scream near the Shore 
begins to turn or reverfe its Dire&ion, a few Irregu- 
larities excepted. 

The Stream of Tide changes its Dire&ion fooner 
near Land than at a Diftancefrom it; infomuch that, 
in a Place two or three Miles from Land, the Turn- 
ing of the Tide is two Hours, or more, later than 
on the adjacent Shore : At intermediate Diftances 
the Streams turns at intermediate times. Hence a 
VeiTel may find a favourable Tide near Land, while 
it would be againft her a Mile or two from it 5 and 
the contrary. 

During the Continuance of Flood, the Stream va- 
ries its Dire&ion gradually from the Eaft toward the 
South, and the Stream of Ebb from the Weft to- 
wards the North: That is, if the Stream, when it 
becomes firft fenfible, runs Eaft, at the latter End of 
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the Tide it will run South, if the Proximity of Land 
or Shoals does not hinder thisChanee of Direction. 

The greateft Velocity of Spring Tide in Orkney, in 
the Chanels where it runsquickeft, is about 9 Miles 
an Hour : The greateft Velocity of Neap-Tide is about 
one third or fourth of Spring -Tide. The Tides are 
moft rapid commonly between the third and fourth 
Hour. Spring-Tides acquire a confidcrable Degree of 
Strength in lefs than one Hour after their quiefcent 
Stare begins ; Neap-Tides are hardly fenftblc in two 
Hours after. 

In fimilar Streights or Chanels, lying in the fame 
Dirc&ion, and fupplied from the fame Part of the 
Ocean, the Velocity of the Streams will be in the 
direct Ratio of the Breadth of the Inlets, and the 
Inverfe of the Outlets. 

If a Sound, or Streight between two Iflands, or 
Continents, lies in the Direction of the main Body 
of the Tide, the Velocity of the Stream in that 
Streight will be greater (all other things alike) than 
in any other adjacent one, not lying in that fame 
Dire&ion. 

If an Ifland lies diredly in the Tide-way, the 
Stream will divide, or fplit, before it reaches the 
Ifland, into two Branches, one of which will run 
toward one Side or End of the Ifland, and the other 
toward the other End of it 5 and, in pafllng by, will 
be reflefted a little from the Land. Hence a Veffel, 
in a Calm, carried along with a ftrong Stream, of 
Tide, is in no Danger of touching an Ifland, or via- 
ble Rock, if the Water is deep enough near them. 

If the Tide runs ftronger, or more obliquely, by 
one End of an Ifland than the other, from theftrongeft 
Stream, and from the moft oblique, there will be a 

U z languid 
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languid Current toward the other ; that is, the Tide, 
along that Side of the Ifland, will fit longer one 
Way than the other. 

If a ftrong Stream of Tide runs acrofs the Mouth 
of a Bay that docs not reach far into the Land; 
within that Bay there will be a flow Stream fetting 
the contrary Way. Or, if a ftrong Stream fets di- 
redly, or nearly fo, along the Extremity of a Point, 
or Promontory, that ftretches ftrait out from the 
Coaft, between this Stream (before it reaches the 
Point) and the Coaft, there will be a languid Cur- 
rent with a contrary Dire&ion. By attending to this, 
one Veflel may keep her Courfe, or gain a Port, 
while another is carried away with the Tide. 

If a fmall Ifland lies* thwart a Tide-way, that Part 
of the Stream which runs along one End of it, will 
join what runs along the other, at iome Diftance 
beyond the Ifland, inclofing between them a curved 
Space, within which there will either be no fenfible 
Current, oraflowone, contrary to the other Streams. 
The counter Current, in the middle of this almoft 
ftagnant Space, or Eddy, when it gets near the Ifland, 
fplits in twos one Branch of which runs towards 
one Extremity of the Ifland, the other towards its 
other Extremity 5 where meeting the ftronger direft 
Streams that form the Eddy, are by them again car- 
ried towards its Vertex. 

Thefe Eddies may be of great Service to 
Ships or Boats, by {bettering them from a rapid 
Stream, or even carrying them againft it 5 or may 
enable them to crofs it with more Advantage, ac- 
cording to the different Places to which they are 
bound. The Oppofition of the contrary Tides 
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bounding the Eddy, makes that Part of the Sea 
rougher in blowing Weather, and of a darker Colour 
in Calms, than the reft, by which the Limits and Di- 
rection of thefe Eddies are always diltinguifhed. 

The Collifion of the oppofite and oblique Screams, 
near the Ends of the Ifland, will excite a circular 
Motion in the Water, and; if the Celerity of the 
Tide is confiderable, will occafion Whirlpools, or 
Cavities in the Sea, in Form of an inverted Bell, 
wide at the Mouth, or at the Surface of the Sea, and 
growing gradually narrower toward the Bottom: 
Their Width and Depth are in proportion to the 
Rapidity of the Streams that caufe them, and are 
fometimes fo large as to be dangerous. Thofe in 
Zetland Firth, near the Iflands Stroma and Swona, 
may, with Spring-Tide, turn any Veffel quite round, 
but are never fo large as to endanger one otherways : 
There have been Inftances, however, of fmall Boats 
dropping into, and being fwallowed up by them. The 
Hiatus, or Cavity, is largeft when it is firft formed, 
and is carried along with the Stream, diminifhing 
gradually inDimenfions as it goes, until it quite difap- 
pears. The Su&ion, or fpiral Motion communicated 
to the Water, does not feem to extend far beyond the 
Hiatus. I pafled, in a Boat, within 20 Yards of 
one, without being fenfible of any Attraction 5 but 
indeed it was toward the latter End of the Tide, 
when its Strength was much abated : The Diameter 
of the Cavity, at that time, I judged to be between 
two and three Feet. When Fifhermen are aware of 
their Approach toward a Whirlpool, or Well, as it 
is called in Orkney, and have Time to throw an 
Oar, or any other bulky Body into it before they 

are 
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are too near, the fpiral Motion is interrupted, and 
the Continuity of the Water broke; which, rufhing 
in on all Sides, immediately fills up the Cavity, and 
enables them to go over it fafe. Hence in blowing 
Weather, or when there is a breaking Sea, tho* there 
may be a circular Motion in the Water, there can 
be no Cawty. 

When th re is a fteep funk Rock near the Con- 
courfe of fuch ftrong Tides, and not very deep below 
the Surface, a moft amazing Thanomenon wilj hap- 
pen : For, the Stream being interrupted in its Courie, 
and falling fuddenly over the Rock, is refleftcd from 
the Bottom upwards, fwelling and bubbling on the 
Surface like boiling Water, and carrying Sand, Shells, 
Fifties, or other loofe Bodies along with it; which, 
with Boats, or whatever elfeis near, are driven wi h 
great Force from the Center all around toward the 
Circumference, upon which, a Gyration of the Water 
enfuing, a Whirlpool begins, which is carri d along 
with the Stream, as was faid above, lefllnng gradu- 
ally till it is quite exringuifhed : In a little rime a new 
Eruption and Ebullition, like the former, begins, 
which proceeds in the fame manner, till the Swift- 
nefs of the Stream abates, or the lide rifes or talis 
too much above the Rock* 

Queries concerning the Tides in a large Ocean i 
which > if r folved from Ohfervation^ would ren- 
der the Theory more perfect. 

i. Since the A tra&ion of the Moon raifes the 
Water dire&ly beiow her, by diminifhing its Gra- 
vity toward the Earth's Center, and, at that very 

fame 
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fame time, deprcfies it at a Quadrant's Diftance, by 
augmenting the Gravity there, fo that the fiperior 
Altitude of one Part of the Ocean is immediately 
balanced by the fuperior Gravitarion of another 5 do 
not, therefore, the Tides in the Ocean rife and fall 
without any progreflive Motion, or fenfible Velo- 
city? And do not all Currents, or Streams of Tide 
(not caufed by Winds) proceed from the Interruption 
which Land, or Shoals, give to the undulatory Mo- 
tion which muft accompany the perpendicular Afcent 
or Defcenc of the Fluids ? 

2. Is it agreeable to Obfcrvation, that the Power of 
the Sun and Moon together, raifes the Tides within 
the Tropics about 14 Feet, as Newton, Halley, and 
Maclaurin fuppofe? And how high are the Tides 
found to rife in Parts of the Ocean of a greater La- 
titude ? If the Water does not rile and fall fo much 
within the Tropics, as in Places more diftanc from 
the Equator u hat hinders the greater Power to have 
a greater EffVd? For the Moon muft ad: with greateft 
Force en. thole Parts to which (he is vertical. 

3. If the Times of high and low Water depend 
on the Moon's Appulfe to the Meridian, is it not 
high or low Water in all Parts ot the Ocean, under 
the ftme Meridian, about the fame time? And is 
the Difference of the Times, in Places under diffe- 
rent Meridians, in any certain Proportion to their 
Difference of Loneitude ? 

4. Since the Power of the Moon to raife the Tide 
in any Place is greateft when flic is neareft the Ze- 
nith, it is agreeable both to Obfervation and Theory, 
that the Water rifes and fails more when fhe is above, 
than when below the Horizons of Places on the fame 
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Side of the Equator with her 5 and the contrary: 
Are not the Tides alfo of longer Duration in that 
Cafe? Since a greater Portion of the Hemifphcroid, 
into which the Sea is formed by the Moon's Attrac- 
tion, is then above the Horizons of thefe Places, 
than is below them. If this is found to be Fad, it 
will alfo be found, that the Duration in different 
Places (other things alike) will be in fome meafure 
proportional to their Latitudes, and the Declination 
of the Moon. 

f . In an oblique Sphere, all Azimuth Circles cut 
the Equator and its Parallels obliquely 5 and there- 
fore the Moon muft come fooner to, or from, a 
given Azimuth, with one Declination than with an- 
other. In fome Latitudes this Difference will amount 
to feveral Hours. Is it not then a falfe Rule to Judge 
of the Times of high or low Water by the Moon's 
Azimuth, or to fignify one by the other, as is the 
Cuftom of Sailors ? 



XIII. Some Account of the Remains of John 
Tradefcant's Garden at Lambeth ; by Mr. 
W. Watfon F. R. S. 

Read May 25. yy poN a Vifit made to Mr. John 
* 749- \^J Tradefcant's Garden at South Lam- 

beth, May 21, 1749. by Dr. Mitchell and myfelf, 
were obferved the under-mention'd exotic Plants. 

This Garden was planted by the above-mention'd 
Gentleman about an hundred and twenty Years fmce, 
and was, except that of Mr. John Gerard, the Author 
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